Background: There is some evidence that asthmatic women are more likely to have abnormal sex hormone levels. A study was undertaken to determine whether asthma and allergy were associated with irregular menstruation in a general population, and the potential role of asthma medication for this association. Methods: A total of 8588 women (response rate 77%) participated in an 8 year follow up postal questionnaire study of participants of the ECRHS stage I in Denmark, Estonia, Iceland, Norway, and Sweden. Only non-pregnant women not taking exogenous sex hormones were included in the analyses (n = 6137). Results: Irregular menstruation was associated with asthma (OR 1.54 (95% CI 1.11 to 2.13)), asthma symptoms (OR 1.47 (95% CI 1.16 to 1.86)), hay fever (OR 1.29 (95% CI 1.05 to 1.57)), and asthma preceded by hay fever (OR 1.95 (95% CI 1.30 to 2.96)) among women aged 26-42 years. This was also observed in women not taking asthma medication (asthma symptoms: OR 1.44 (95% CI 1.09 to 1.91); hay fever: OR 1.27 (95% CI 1.03 to 1.58); wheeze preceded by hay fever: OR 1.76 (95% CI 1.18 to 2.64)). Irregular menstruation was associated with new onset asthma in younger women (OR 1.58 (95% CI 1.03 to 2.42)) but not in women aged 42-54 years (OR 0.62 (95% CI 0.32 to 1.18)). The results were consistent across centres. Conclusions: Younger women with asthma and allergy were more likely to have irregular menstruation. This could not be attributed to current use of asthma medication. The association could possibly be explained by common underlying metabolic or developmental factors. The authors hypothesise that insulin resistance may play a role in asthma and allergy.
T
here are many pieces of evidence that indicate a role for female sex hormones in asthma and allergy. This relationship is, however, poorly understood and in most aspects also poorly investigated. Studies of women indicate complex and contradictory associations of asthma with natural hormonal status like puberty, 1 pregnancy, 2 menstrual cycle, 1 and menopause, 3 and with treatment with female sex hormones. 4 Kos-Kudla et al 5 measured circadian variation in female sex hormones in 55 asthmatic and 20 non-asthmatic women and concluded that sex steroid hormones were more often out of range in women with asthma. This was most pronounced in women taking inhaled steroids but was also evident in those not taking inhaled steroids. Ravelo et al 6 found abnormalities in the level of one or more sex hormones in 24 of 30 asthmatic women. A study of women referred for anovulatory infertility showed that asthma medication before age 21 was 2.5 times more common than in the general population. 7 These indications that asthma in women may be associated with an imbalance in sex hormones have important implications, particularly with regard to the role of asthma medication, and advocate further investigation.
Non-pregnant and non-lactating women of reproductive age may have irregular menstruation for a variety of reasons, polycystic ovary syndrome being the most common with a population frequency of 5-10%. 8 Polycystic ovary syndrome is a chronic disorder of ovarian function that is characterised by irregular menstruation, hyperandrogenism, and subfertility. 9 The disorder is a manifestation of metabolic syndrome. 8 Endometriosis occurs in 3-10% of young women 10 and is characterised by dysmenorrhoea and infertility, but may also cause irregular menstrual periods. 11 Severe stress, serious disease, anorexia nervosa, and drug addiction are other causes of irregular menstruation. 12 We investigated whether asthmatic women in a general population more often had irregular menstruation. To the authors' knowledge, this has not been studied previously. In particular, we wanted to investigate the role of asthma medication. Based on data from a large Northern European population based cohort, this paper presents an analysis of the association of asthma and hay fever with irregular menstruation in women aged 25-54 years.
METHODS

Data collection
The Respiratory Health in Northern Europe (RHINE) 13 is a follow up study of subjects from seven Northern European centres who participated in the European Community Respiratory Health Survey (ECRHS) stage 1, a study that took place in 1990-4.
14 In stage I of the ECRHS men and women aged 20-44 years were randomly selected from the population registers from each participating centre. A postal questionnaire was sent to 3000-4000 persons in each centre. The target population for the RHINE study was the responders from Reykjavik in Iceland, Bergen in Norway, Umeå, Uppsala and Göteborg in Sweden, Aarhus in Denmark and Tartu in Estonia (n = 21 802; response rate 83.7%). These (excluding 264 deaths) were sent a postal questionnaire in 1999-2001. Persons not responding to the first mailing were sent two reminders. A total of 16 190 persons answered the questionnaire including 8588 women (response rate 77%) born between 1945 and 1973. The study was approved by the local ethics committees in all the study centres.
The first part of the questionnaire contained 12 questions that were identical with those asked in the ECRHS stage 1 (available at www.ecrhs.org). These items covered respiratory symptoms during the last 12 months, current asthma medication, and current hay fever (box 1). ''Asthma'' was defined as having had asthma attacks during the previous 12 months (Q5) and/or currently taking asthma medication (Q6). The asthma symptoms Q1 to Q6 are grouped as defined in footnotes to the tables. ''New'' symptoms were defined as having answered ''no'' to a question in the first survey and ''yes'' to the same question in the follow up survey. ''Persistent'' symptoms were defined as having answered ''yes'' to a question in both surveys.
The second part of the questionnaire included 52 items covering various aspects including hormonal status in women. The women were asked whether their menstrual periods were regular (''Do you have regular menstrual periods?'' yes/no/don't know). Women answering ''no'' were defined as having irregular menstrual periods (n = 1975), women answering ''don't know'' were excluded from the analysis, as were women not responding to the question (n = 288). Pregnant women (n = 260), post-menopausal women (defined as not having had menstruation during the previous 6 months, n = 980), and women currently taking oral contraceptives (n = 1071) or hormonal replacement therapy (n = 655) were also excluded from the analyses. Thus, 6137 non-pregnant women of reproductive age not taking exogeneous sex hormones were left for analysis.
Statistical analysis
Logistic regression analyses were used to assess the effects of irregular menstruation on measures of asthma and hay fever. Separate analyses of women not taking asthma medications were carried out in order to exclude the potential influence of asthma medication on the menstrual cycle. Multiple linear regression analyses of the effects of irregular menstruation on the number of symptoms were performed in order to increase the strength in analyses of new and persistent symptoms which were less common outcome measures. Adjustments were made for age (5 year categories), body mass index (quartiles), smoking habits (never, ex-and current smoking), social class (current type of dwelling), and study centre. A socioeconomic index based on occupation was available for four centres; adjustment for this variable did not influence the results. Potential heterogeneity between centres was studied by meta-analyses. 15 The biological background for irregular menstruation was considered essentially different in younger and older women, so analyses were stratified by age 43 years, the age when irregular menstruation increased in frequency due to the natural approach of menopause ( fig 1) . 10 The analyses were carried out using the statistical software program Stata 7.0 (Stata Corporation, College Station, Texas, USA).
RESULTS
The prevalence of irregular menstruation was 23%, 15% in those aged 25-42 years and 37% among women aged 43-54 years (table 1) . Among the younger women, irregular menstruation was more common in those with a higher body mass index and in the shortest and tallest women, while in older women irregular menstruation was associated with more smoking (data not given).
The prevalence of asthma and allergy was higher in women with irregular menstrual periods than in those with regular menstruation in the age group 25-42 years (table 2) . Adjusted for smoking habits, body mass index, social class, age and study centre, irregular menstruation was significantly associated with increased risk for asthma, asthma symptoms, and hay fever (table 2). The associations were particularly strong for asthma or wheeze preceded by hay fever. Analysing age at onset of doctor diagnosed asthma involved relatively small numbers and the associations with irregular menstruation did not reach statistical significance, but the size of the estimates appeared to be similar for asthma with onset in childhood (OR 1.33, 95% CI 0.71 to 2.49), in adolescence (OR 1.49, 95% CI 0.86 to 2.59), and in adulthood (OR 1.20, 95% CI 0.78 to 1.84). Excluding 259 women currently using asthma medication, irregular menstruation was still associated with symptoms of asthma and allergy, although there was a tendency towards weaker associations (table 2) .
In women aged 43-54 years the prevalence of irregular menstruation increased with age (fig 1) , consistent with an increasing number of women entering the perimenopausal transition. In this age group there was no association between irregular menstruation and new onset asthma or symptoms, in contrast to the increase in new onset asthma and higher number of new onset asthma symptoms associated with irregular menstruation among women aged 25-42 years (table 3). These differences between the age groups were significant or of borderline significance (new onset asthma: p interaction = 0.008; number of new onset asthma symptoms: p interaction = 0.057). The associations with persistent asthma and persistent asthma symptoms did not differ between the age groups (table 3) .
The results were homogeneous across centres, as shown for the association of asthma with irregular menstruation in fig 2 (p heterogeneity = 0.4). There were no significant interactions by body mass index or by current smoking status in the associations of asthma and allergy with irregular menstruation.
DISCUSSION
Women with asthma and allergy more often experienced irregular menstruation. This was observed consistently across centres in non-pregnant women of reproductive age in a population based Northern European cohort. The finding could not be attributed to current asthma medication influencing the menstrual cycle. In women aged 43 years or older, an age when irregular menstruation usually signals the normal approach of menopause, no association was found with new onset asthma. 10 Thus, asthma and allergy appear to be associated with the pathological conditions underlying irregular menstruation. Our results are in accordance with previous studies reporting that asthmatic women more often have abnormal levels and cyclical patterns of sex steroid hormones, 5 6 and that women taking asthma medication before the age of 21 years are more often referred for infertility. 7 Bias related to healthcare seeking behaviour could explain our findings; women with irregular menstruation could see a doctor more often and have their asthma diagnosed more often. However, an association was also found for undiagnosed and untreated asthma symptoms, and there is no general awareness among physicians about a possible coexistence of hormonal factors in women and asthma and allergy. Increased health awareness among women with irregular menstruation-making them more aware of asthma symptoms or vice versa-could also contribute to the findings, but the association with childhood and adolescent onset asthma and the general high public awareness of asthma and allergy today argue against such bias.
A limitation to this study is the crude exposure information. Self-reported irregular menstruation was validated in the Nurses' Health Study and showed extremely high concordance. 16 The frequency in our study population was similar to that reported in the literature. 10 The causes of selfreported irregular menstruation in an epidemiological population study have not been described to the authors' knowledge, but polycystic ovary syndrome accounts for 73-90% of oligomenorrhoea or amenorrhoea cases in women referred to a specialist. [17] [18] [19] In the Nurses' Health Study selfreported irregular menstruation was related to cardiovascular disease 16 and to type 2 diabetes, 20 both suggesting a role for polycystic ovary syndrome.
Lactation is a non-pathological cause of irregular menstruation about which little is known. Based on the number of pregnant women in the study population and the duration of breast feeding common in the study area, we estimate that 15-20% of cases of irregular menstruation among the younger women may be related to lactation. Asthma and allergy do not seem to be more common among lactating women. 21 22 Thus, the true association with irregular menstruation due to pathological conditions may be stronger than that presented in this analysis, due to attenuation by inclusion of lactating women without increased risk.
There are three possible theoretical reasons for a valid association of irregular menstruation and asthma: (1) asthma or asthma medication may cause disturbances in the menstrual cycle, (2) irregular menstruation or its treatment may cause asthma, and (3) common aetiological factors may cause both irregular menstruation and asthma/ allergy. Considering the first, oral steroids used in the treatment of asthma probably do influence the cyclic variation and levels of sex hormones. 5 Kos-Kudla et al found that inhaled steroids had an effect on the levels and circadian variation of sex steroid hormones, but an effect was also found in asthmatic women not taking asthma medication. 5 Only 259 of the women in our study used any asthma medication and, when these were excluded, asthma symptoms and hay fever were still significantly related to irregular menstruation. Thus, adverse effects of current asthma medication cannot explain our findings. The stress of asthma might be suspected to cause disturbances in the menstrual cycle. However, asthma of such severity is usually treated medically in Northern Europe and current stress could not explain the associations with childhood and adolescent asthma.
Secondly, the sex hormone imbalance underlying irregular menstruation or its treatment might cause asthma and allergy. The literature gives several pieces of evidence that female sex hormones do influence physiological processes involved in asthma and allergy. 23 Furthermore, women with irregular menstruation may be treated with hormonal cures in order to induce pregnancy or with oral contraceptives due to hyperandrogenism or dysmenorrhoea. Asthma and allergy could be side effects of exogenous sex hormones, 4 but women taking oral contraceptives at the time of the survey were excluded from the analyses. These explanations seem unlikely as irregular menstruation was associated with asthma starting in childhood as well as with asthma starting after puberty.
Finally, the association of irregular menstruation with asthma and allergy could be explained by common aetiological factors. Developmental disadvantage in early life such as poor intrauterine conditions is related both to an increased risk for asthma 24 and to hormonal imbalance. [25] [26] [27] Common underlying metabolic disease is another possible explanation. Irregular menstruation may be caused by polycystic ovary syndrome, a manifestation of metabolic syndrome that can be treated with insulin sensitising drugs such as metformin. 8 Metabolic syndrome or ''syndome X'' is characterised by insulin resistance and dyslipidaemia, and is a causal factor of major importance for cardiovascular disease and several other diseases of the western civilisation. 28 There are no studies of metabolic syndrome and asthma or allergy, but several studies have reported associations between lung function and insulin resistance. 27 29-35 The authors hypothesise that insulin resistance may have a role in the causation of asthma and allergy as well as in polycystic ovary syndrome, thereby explaining the association of asthma and hay fever with irregular menstruation. This hypothesis could possibly help to clarify the complex and contradictory findings concerning asthma and other aspects of hormonal status in women. It could also explain the association of asthma with body mass index [36] [37] [38] and the complex associations of asthma with dietary factors. OR irregular mens and asthma Figure 2 Odds ratios for the association of irregular menstruation with asthma (current asthma medication and/or asthma attacks in previous 12 months) by centre, including 4077 non-pregnant women aged 25-43 years who were not taking exogenous sex hormones. Adjustment within centre for body mass index, smoking, social class, and age. For each centre horizontal lines indicate 95% CI. For combined odds ratio the diamond indicates 95% CI from the model with the centre as random effect. The size of each square is proportional to the sample size.
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A study of women with endometriosis showed a higher prevalence of asthma and allergy than that described for the general population, 11 and leukotriene antagonists intended for asthma treatment have been used in the treatment of endometriosis. 40 41 Endometriosis and asthma/allergy may therefore have common inflammatory features which could explain some of the association between irregular menstruation and asthma/allergy. However, the disease accounts for a relatively small number of women with irregular menstruation. Irregular menstrual periods may be due to poor general health, but this is not very common and severely stressed or ill women are less likely to have participated twice in our investigation. In any case, there may be subgroups of women with irregular menstruation with a strongly increased risk for asthma and allergy, and this should be investigated further.
In conclusion, this study is the first to show that asthma and allergy are related to irregular menstrual periods. This was observed in a general population, was consistent between a number of study centres, and is in agreement with two reports of abnormal sex hormone levels in women with asthma. 5 6 These findings raise the question whether women with asthma have a higher incidence of subfertility problems as indicated in a previous study. 7 Our study indicates that current asthma medication could not be blamed for the effect. However, the effects of asthma medication in childhood or adolescence need further investigation. The association of asthma with irregular menstruation may give a clue to further understanding the physiology of asthma. We believe that the association may be explained by common aetiological factors, and speculate that insulin resistance might have a role in the multifactorial aetiology of asthma and allergy, or that a developmental disadvantage may explain the association of asthma and allergy with irregular menstruation.
